Introduction
In addition to neurological and cognitive deficits, many patients with cerebral infarction report subjective symptoms, including pain, depression, and fatigue. In contrast to depression, until recently, pain and fatigue have been neglected issues in studies of patients with cerebral infarction. 1, 2 Major depression occurs among 15%-20%, 3, 4 fatigue among 40%, 5, 6 and pain among 20%-50% 7-9 of patients with cerebral infarction, on follow-up. Most studies have focused on single symptoms; however, these symptoms often occur together.
A symptom cluster has been defined as two or more symptoms that tend to occur together. "Relationships among symptoms within a cluster should be stronger than relationships among symptoms across different clusters. Symptoms in a cluster may or may not share a common etiology." 10 There have been few studies of single and symptom clusters and health-related quality of life (HRQoL) in patients with cerebral infarction. The cluster of pain, fatigue, and depression has previously been studied in cancer patients. 11 The aim of this study, therefore, was to evaluate the symptom cluster of pain, fatigue, and depression on follow-up in relation to HRQoL among patients with cerebral infarction and to evaluate prognostic factors for HRQoL. We hypothesized that co-occurring symptoms adversely affect HRQoL.
Materials and methods Patients
All consecutive patients with acute cerebral infarction (index stroke) admitted to the Stroke Unit, Department of Neurology, Haukeland University Hospital, between February 2006 and July 2008, were prospectively registered in a database (The Bergen Stroke Registry). Cerebral infarction was defined in accordance with the BaltimoreWashington Cooperative Young Stroke Study Criteria, comprising neurological deficits lasting more than 24 hours due to ischemic lesions or transient ischemic attacks, where computed tomography (CT) or magnetic resonance imaging (MRI) showed infarctions related to the clinical findings. 12 All patients had undergone CT or MRI. The National Institute of Health Stroke Scale was used to assess stroke severity on admission, and a modified Rankin Scale (mRS) score was obtained seven days after stroke onset (or earlier, if the patient was discharged sooner). Diagnostic workup included electrocardiogram, Holter monitoring, echocardiography, and Duplex sonography of neck vessels.
Risk factors, including hypertension, smoking, diabetes mellitus, myocardial infarction, angina pectoris, peripheral artery disease, atrial fibrillation, and preadmission depression, were registered on admittance. Preadmission depression was defined as depression requiring use of a selective serotonin reuptake inhibitor any time before stroke onset. Hypertension was defined as prior use of antihypertensive medication. Current smoking was defined as smoking at least one cigarette per day. Diabetes mellitus was considered present if the patient was on a glucoselowering diet or medication. Angina pectoris, myocardial infarction, and peripheral artery disease were considered present if diagnosed by a physician at any time before stroke onset. Atrial fibrillation required electrocardiogram confirmation any time prior to stroke onset. A history of prior stroke was registered. Etiology of ischemic stroke was determined by the Trial of Org 10172 in Acute Stroke Treatment classification. Sleeping disturbances, n (%), n = 326 87 (27) Depression HADS-D .= 8, n (%), n = 311 61 (20) Barthel index score, median (iQR), n = 288 100 (95-100)
Abbreviations: EQ-5D, EuroQol; iQR, interquartile range; EQ-VAS, EuroQol Visual Analogue Scale; FSS, Fatigue Severity Scale; HADS-D, Depression Subscale of the Hospital Anxiety and Depression Scale.
All living patients received a postal questionnaire at least 6 months after stroke onset. Patients were asked, "Do you suffer from pain?" If the answer was "yes," they were asked to grade pain intensity from 0 (no pain) to 10 (worst possible pain) (visual analog scale). The questionnaire included the Fatigue Severity Scale (FSS), 14 Depression Subscale of the Hospital Anxiety and Depression Scale (HADS-D), 15 EuroQol (EQ-5D), 15D, Barthel Index (BI), and a question about sleeping disturbances (no or slight disturbances versus moderate or severe sleeping disturbances, based on the sleep subscore of 15D). Postal reminders were sent to nonresponders once. Post-stroke fatigue was defined as FSS score $ 5. 16 FSS was chosen because it has been validated in stroke patients. 17 Post-stroke depression was defined as HADS-D $ 8. 18 HRQoL was assessed by submit your manuscript | www.dovepress.com
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EQ-5D and 15D. EQ-5D is a generic HRQoL measure that consists of five specific questions regarding mobility, selfcare, pain/discomfort, usual activities, and anxiety/depression. Each of these attributes has three answer categories with three different levels: no problem, some problem, and major problem. 15D is a generic, 15-dimensional, standardized, self-administered measure of HRQoL, which can be used as a profile and single index score measure. 19 Finally, the patients were asked to demonstrate their general state of health using the EuroQol visual analogue scale (EQ-VAS). The worst imaginable health state has a value of 0, and the best imaginable health state has a value of 10.
The study was approved by the local ethics committee, and informed consent was obtained from all patients.
Statistics
Logistic regression analysis, linear regression analysis, chi-square test, Fisher's exact test, pair-wise correlation test, and Student's t-test were performed when appropriate. FSS, HADS-D, pain (VAS), EQ-5D, EQ-VAS, 15D, and BI were used only if the patients had completed all corresponding questions. Cox regression analysis for survival after the return of the questionnaire was performed by November 2009 (representing a second follow-up for survival only). STATA 11.0 was used for the analyses.
Results
A total of 514 living cerebral infarction patients received the questionnaire, and 328 patients returned it (response rate 61%). Mean time from index stroke to follow-up was 372 days (SD = 138, range 185-757 days). The questionnaire was completed by 80% of the patients, whereas 20% needed assistance from family members or friends. The demographics of the responders and non-responders are shown in Table 1 . Table 2 shows the HRQoL results of the responders. The mean EQ-5D total score was 0.70 (SD = 0.30); the median was 0.74 (interquartile range 0.62-1). The mean 15D score was 0.82 (SD = 0.14); the median was 0.86 (interquartile range 0.74-1). The mean EQ-VAS score was 6.6 (SD = 2.1); the median was 7 (interquartile range [5] [6] [7] [8] .
Complete data on depression, fatigue, and pain were available for 296 (54.7%) patients. Depression was disclosed Figure 1 Quality of life at follow-up in relation to none, one, two, or three of the symptoms (pain, fatigue, and depression) in patients with cerebral infarction. Abbreviations: EQ-VAS, EuroQol Visual Analogue Scale; EQ-5D, EuroQol.
Mean of Barthel Index
by 13 (4.4%) patients. Among 198 patients with symptoms, 107 (54%) had more than one symptom. Table 3 shows pair-wise correlation between different variables and EQ-5D, 15D, and EQ-VAS. There was high correlation between FSS, HADS-D, pain VAS, and all HRQoL scores. Figure 1 shows the mean results of EQ-5D, 15D, EQ-VAS, and BI in groups, according to the number of symptoms. Linear regression analyses, with EQ-5D, 15D, and EQ-VAS as dependent variables, showed partial correlation, ranging from -0.51 to -0.69 (all P , 0.001), for a variable representing the frequency of pain, fatigue, and depression in each patient (0-3) at follow-up, after adjusting for age, sex, and BI. Table 4 shows the results of linear regression analyses, with EQ-5D, 15D, and EQ-VAS as dependent variables. Highest partial correlations were found for BI and pain as to EQ-5D, for BI and HADS-D as to 15D, and for BI and FSS as to EQ-VAS. The independent variables accounted for 65% of the variability in EQ-5D scores, 83% of the variability in 15D scores, and 58% of the variability in EQ-VAS scores. Table 5 shows the results of linear regression analysis, with EQ-5D, 15D, and EQ-VAS as dependent variables and variables known at the time of the index stroke. Lower HRQoL scores, as measured by all three scales, were associated with advanced age, prior stroke, prior depression, smoking, and lower BI seven days after stroke onset. The independent variables accounted for 36% of the variability in EQ-5D scores, 31% of the variability in 15D scores, and 25% of the variability in EQ-VAS scores.
Cox regression analysis showed that mortality was associated with EQ-5D (hazard ratio = 0.16, P = 0.016) ( Table 6 ).
Discussion
We found that the frequencies of pain, fatigue, and depression were high. Most patients with one of these symptoms had at least one of the other two. The most frequent cluster of symptoms was the presence of both pain and fatigue, followed by all three symptoms, whereas depression and pain without fatigue was rare.
Regression analysis showed that HRQoL, as measured by EQ-5D, was highly associated with depression, pain, and functional state, but not fatigue. In contrast, previous studies have disclosed association between HRQoL and fatigue in stroke patients. 20 Recent studies have shown that fatigue is an important symptom among some stroke patients. 1, 5 Our findings indicate that EQ-5D overlooks this important symptom and demonstrates how difficult it can be to study fatigue if by 55 (20.6%), fatigue by 134 (45.3%), and pain by 146 (49.3%) of the stroke patients. Of all the 296 patients, 30 (10.1%) reported all three symptoms. Pain and fatigue, but no depression, were reported by 58 (19.6%) patients. Pain and depression, but no fatigue, were reported by 6 (2.0%) patients. Depression and fatigue, but no pain, were reported submit your manuscript | www.dovepress.com Dovepress Dovepress an inadequate instrument is used. Others have questioned whether EQ-5D is sensitive enough to detect clinically relevant differences in HRQoL between patient groups. 21, 22 However, two important reasons for using EQ-5D are the ability to transform the score into quality-adjusted life years and that the scale takes a short time to complete. 23 The mean EQ-5D was lower among our patients than normative data from England (0.70 versus 0.78, P , 0.001). 24 We found that fatigue, depression, pain, functional state, and sleeping disorder, on followup, accounted for up to 83% of the variability in HRQoL, depending on which HRQoL assessment was used. Another analysis showed that age, depression prior to the index stroke, stroke prior to the index stroke, functional state one week after onset of the index stroke, and smoking prior to the index stroke accounted for about a third of the variation in HRQoL on followup. Furthermore, regression analysis showed that increasing frequency of pain, fatigue, and depression symptoms in each patient was highly associated with worse HRQoL. Thus, co-occurring symptoms adversely affected HRQoL to a large extent.
The optimal treatment of these symptom clusters may be challenging. Although the present study did not assess treatment, it seems prudent to evaluate which symptom constitutes the greatest burden. If depression is significant, then antidepressive treatment may alleviate depression, as well as fatigue and pain. Likewise, if pain dominates, then careful investigation of the cause of pain and institution of appropriate analgesic treatment may reduce pain, as well as accompanying fatigue and depression. In some patients, fatigue is associated with sleeping problems, and appropriate treatment of insomnia may reduce fatigue. Some studies indicate that fatigue is associated with lesion in the brainstem. 1, 5 Among these patients, treatment of fatigue may be particularly challenging. However, even among these patients, care should be taken to disclose possible depression, pain, and sleeping disturbances. Neither should one forget the possibility of fatigue as a side effect of medication. Our study shows that treatment of these symptoms may have a potentially large effect on HRQoL.
Through Cox regression analysis, even after adjusting for age and functional state, we found that low HRQoL was associated with higher subsequent mortality. Others have found HRQoL to be associated with long-term mortality in patients with cancer 25 and after cardiac surgery. 26 Self-rated HRQoL in large studies, including healthy persons, also has been shown to be associated with future mortality. 27, 28 These studies highlight the importance of people's health rating of HRQoL when evaluating risk of premature mortality and the need for secondary preventive treatment.
The strength of the present study is that patients were investigated with validated instruments for different symptoms. A weakness is that the response rate was only 61%, Table 4 Linear regression with EQ-VAS, EQ-5D, and 15D as dependent variables on follow-up in patients with cerebral infarction and complete data were obtained from 55%. However, this is compatible with other studies based on postal questionnaires. We have reported previously that 82% of patients with cerebral infarction were alive one year after stroke onset. 29 It is likely that the responding patients, on average, had better HRQoL than nonresponding patients, because non-responders on average had more severe stroke events. Thus, the reported frequencies of pain, fatigue, and depression were likely lower than among all stroke patients combined. The use of VAS scales in stroke patients has raised concern among some researchers, due to perceptual and cognitive deficits. 30 However, as shown in Table 3 , the differences between EQ-VAS and EQ-5D or 15D were minor. Another weakness is that we did not inquire about stroke-related pain. EQ-5D includes questions about pain and depression, and 15D about depression and fatigue, and this may account for some of the correlations between pain, depression, and fatigue and the HRQoL scores. However, the high correlation between these three symptoms and EQ-VAS indicates that our findings are relevant.
Future studies of HRQoL in stroke patients should focus on the cause of pain and better evaluation of sleep disturbances. The relationship between anxiety, cognitive deficits, and HRQoL should also be addressed in future research.
In conclusion, pain, fatigue, or depression symptoms were common in this sample of stroke patients and, to a large extent, determined the patients' quality of life. 
